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Abstract

This study aimed at evaluating the supervised pixel-based classification of the maximum likelihood in
the examination of the climactic changes of the Urmia Lake catchment area in 1-, 6-, 10-, and 14-year
spans and then evaluating and modeling the changes in the gardens neighboring Lake Urmia during a
30-year span and its role in the changes at Lake Urmia water level. In this study, first the Landsat
images of the years 1990, 2000, 2014, 2020, and 2021 were downloaded. Then, using the ENVI15.3
software, a classification was made based on the maximum likelihood method. Next, the IDRISSI
TERRSET software and CA-MARKOV model were used to model conditions for the year 2051. This
model was then analyzed in the GIS software. It was found that the classification based on the
maximum likelihood method has been an appropriate one. The results of this classification showed
that overall, the maximum changes from 1990 to 2021 has been related to the irrigated gardens and
fields. In this period, 3495 square kilometers have been added to these lands, i.e., the number has
doubled. Modeling the 2051-year conditions in the light of the transition probability matrix showed
that the maximum likelihood of land use changes is in the irrigated garden and farm use. On the other
hand, the modeling in this study indicated that there has been a reduction in the expanse of irrigated
gardens and fields as well as salt lands in the region. Finally, the model predicted an increase in water
area in 2051.
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Information of Quantity

Information of Allocation No[n] Medium[m] Perfect[p]
Perfect[P(x)] P(n) = 0.4271 P(m) = 0.9703 P(p) = 1.0000
PerfectStratum[K(x)] K(n) = 0.4271 K(m) = 0.9703 K(p) = 1.0000
MediumGrid[M(x)] M(n) = 0.3396 M(m) = 0.8538 M(p) = 0.8643
MediumStratum[H(x)] H(n) = 0.1111 H(m) = 0.4060 H(p) = 0.4049
No[N(x)] N(n) = 0.1111 N(m) = 0.4060 N(p) = 0.4049
e

2> 3l OSte e s Sl o [1alS 5 Laailbts s O Lrals L ot das di s
e il glse 5 DL S e 5 o slml sl il 30T R

Lil e T polpe 5 DU Sl eslinal ol (K i ol 0551 553 SLl 68 s



YEoY Gl g 3l oF Bylowd V€ 590 ¢ ymojyw (i bo &1

B S et g el bl S S aag)) Al s O hw 5 Sosd
iS5 4l RalS S 51 B0 oS (6, i 5l 6, S e sl el Sal
Sos=s mal il 5 s e GlbI s (glab 5 (65,5LaS Sl e S o 55 Esl aldolon
=i 5 S Sl ilwdde 5 Gl Sua b Sl ek el 03 58
233 el il o Lol a0l ST sladisy it 5 Dl cnl plobid sk 4 LS
o=l o3 sl a sy Oley Jsb o adae SO Ol oLl sl il laesls 5 s s,
(eSS s s Al O ol gla S5y s a4 sloslsale (sbaesls 51 eslizal Ol
508 2S5k 6,0 laety gla Sy b 6l p 6551 cab il slacans Sl eslizal
53 ailaie Aoy OLSGl 5 oy o 5 oS Aua 5 lsle 3 I3l Sl sl OIS
5,8 3 on s Jlizal 5,50 s 3 a8 Sl ol Sl b= 5 xS
s Gl 313 DL s laes sdomn 3 oS bz ST gtinai Sl sdelsa s
YA o3l s Sragim b Cplie ol &8 Conla gy Foslinal 5 0n 5385 5l S
30 Ll b bl Sl s ey ps eldduaih el des oS o)l Lyl
SolS Ol id a5 Wsls QLS G ol s gduard slaalls 5 Loy Lo ys Qv IS i
S sim L OLS 5 e Sl gl po e Ll s 4 VW Jle w0 e 1YVA Jle s 5l
a3 53 gl gl 5 DLl RlBl el 5l Clls (1YAA) (1S 5 5L (sobtia!
e K35 Ole 0 5 s et 3] e ool OSe (Ol OIS 5 (sla 4
ol cdillas (VTAA) e 5 5bT)s obdinl o b Jale ol 5 sl s Sl 3 b
035 >ws 53 folie 3 SLEL Aty e 5 S Ll 5 e S SRl B b S
e L aS osb ol o i Lo gt 5 ol osblge cpleden aal (sla g
Sl T gl 5 Ol a2 S plie 5 DL IS b e sl
o3 VY Jlo 0 o adlaie 0 3 T ol 5 el bl ol 5 ele )l el 0l
5o Ol s s i, Ly et lwoldl 5 g 6,08 Sl bas el ) Sy oS

g (1YAY) s (e oo b 3 50 ol s e adlaie OF s [ Kair Sl ks



zivE Qi Jo o b duog,l Bl yd Badils CBEL Ol puti Wiy, g5l de g owyp

OT JWis w5 i plulid aweyl i bs of L3 les 2al8 WYAY Jlu 5 55l5e opl il 5
ails alS 5 less LS WWAY Jla s 3ok 5lcsl tals s ol gl 5 olel
el sl Bl s ISt Yoo | VWAY e s oS ol OF sdas0lis ) 5 o
Shacasl i ls il Sl 5 oblgs o (gl jgd Ao Sld| LATAY Jl )3 cpioman
WAY Il 53 O 50 A 3l (s, Ll b e 5 azdls (¢ S (il 3l O 8 Caas
ol Ll 3 a8 Wlodile Sl 35 5 ol O ool sbile sl et T 6 l5e 5 el
33 48 Wlodany am ml 355 G 53 (VAN (e 5 5bs (solbdidal 5550
Aoy b e b de Sldl 5l das 6593 )5 Loy 00 s a4 5 LITYAY 51w sladle
SS30LLE als sgau s b, 0L o5 el A 3l 51Ol oS ol s S
e Jime 5 5 sl slased 4 i Bl A b Sl de Ol s e
=2l S ESa A0y T s el sl sl s a5 Bl s, s S Sl e
Dlts g, Ol slaadlie oS 53 Al e 3 g dse nl 5 ool el OF 4 (53,5LES
Azlos o s Bt e 53 SLEL d DU s Jelse ol 48 ASL 50 554055
ol sy 5 e ool Rl L (VAE) oy 5l &S a4 3 b 5l Ll ol 4yl
5 SIS i 3 e Sl pde b O e DT (b b Sl 0 oS oy s
AFAY G AYVA Jle 5N ojjl.g L OV smms i8S fus) i sbae e 3 a1 2 slanal
5 ASledid il i 5 blas (Ol gt Gla el s ol 5 el 0Ad oS sl
ST OAs oS 5 5l ks 53 s plpan 51 i e sd SRl sl oa JUS s Jelse
Il 53 il s sl 2 0 2alS Soke b s e 2 skS YATY Ol5s o el d Lo
03,7 S YW b 1l a3 A p i ol polse 5 SLEL (8 TG
Il S WY Jle 3 Cmlas 2alS ol 0 1,0 wesl axbs 5 ol g b 5l
e ald 1y ol VY s 3 1058 Sl 3l ol g Al LS el ails AT
ool i tals el Ly adaly 53 (WWAE) o) 5l o Sl ealmsey s b s

)JAJJMTJ_\pb-c\_?;:.:JV_a\iH Jlo gauaad 5 shls e 55d o bajle,sd ol 58l



YEoY Glimmoj g 3l oF Bylowd V€ 590 ¢ cymojyw (i bo EP1A

sl JalS mse e shS YVYY gl5e 5 DL (508 Jlo S b aasl dxlos 3 pl Ao
Sl wils il Y0 e Il K 5 e & S 45 Sl I 3 ol s S
Cde as Ve Jlu s O_J@\J-,,j@ug;\)lm ol S el s 4 am Jle Slalllas
Sldllas 1 ey ASledd Ly s 5 o] 58, ol Sdda 5 baelr O 0 S
L Jle S5 o 51 CAMARKOV 55 (s3kedis caidS o G 5 om0 oy
CLEl (s ol QLS )y 5 gl A plil Ao 53 A 535 5+ AT KO i Lo i
5 als 2l Wy amgl Al ol A 53 VB 5 s Oleosd (ol gl s
553 b 1y =il A e 5 et luoldl 5 s s S bl kg s
5 Sl s b eddolml Slaass 5 2 b Sladlls pl ol ol zls aalllas 350
50T 2 San 5 oo ((T000) L2 San 5 osstigy (Y1) 2L Son
CA- Joe 3l sl 5 Dliiond (sl 53 s pone s (1TAV) L Sen 5 ol LS
o) e Fls 51 Sl ol sl ) SRS g Sk s3ledds s1: MARKOV
fa 5 ) 45 Cl 03,8 e 1y SOl 5 e bl gl (21581 Je S o
L oot ol 4l o pd 3l adie e ol (208 oS (55 5k sl (530500 1 p s
Slos oo (sl ol bl b 5 ol (g3l 5 slazrl Jolpo OLLe 2ol 5 3
S Jol @l 0o glne el Wil on ol (nl 3 el S E 5l e W5
el s a5 b IS ob 3 pd s e g8y el 3wl 5 e it
U5 o eddgauaih ladlid IS Como s LS ol o 5l Jols laamd iomen 5 Je
Sz ueib 6l CAMARKOV Jus 5 et S (355 5 02580l 4 25 8 e
Gt Ly e sl 48 ol ool Sl 58 BB el St ) s3bed i 5 s S0

53 n o3l slgniy alie Sldlas 3 s gy 5l eslizal 5 azils Cillas (WWAA) Sslo



£ Qi Jo o b duog,l Bl yd Badils CBEL Ol puti Wiy, g5l de g owyp

&b

e Olely ls s oetle slap, S LIS abssh (8 slsicssl dlaae (el (>l
oy 163y anlllas) Cdd ETM (glojlsale (slaesls 5l oslizal b sl (508 (guaids
ALY o X 5 A S bl s a e Sl (@Dl A

Sleslinwl L la i (Ssd ow i 5 2bish OF80) e i s s (255 315501
SOV Jen)) b ien ) 5 andlle) oLl as Sledl s 5 ailej i loslgale 5y slas
AYE VY o 00 5 A 3 s il (Ve

SSole Slo iy dde 2D oy (1F40) Bgide (S ¢ pmidall o o t(5g (-
dwdd glolpals pslas 3l oslinal U ey idp 5 2l 608 &l s 5,50 5 5o
Sl 53 GIS 5 5as 5l o) oLz oo &5 iy sladie 5,8 e (les fpass
(O ¢ e

S8 5l (slo s Jde G TS oy 0 (VF40) 58 pacdar abiar (0ol (e tply ¢ anl
gl alandsat gloylsale o slas 5l eslinal b a2y 5 oSl (58 Sl i 3,80 0 s
AYZAO o X8 i Ve 3Ol (ol s elige s

Cyets Lssy (2L30 OYAD) MasGile o po 0Lk lllld (6 panar Lo e (] (s 15
o3lital L (g3%as Yoo X Yoo T YoeA Sley dole s Ol s bli> ke ol iy
TY XY o ) o) 3G Lo (sl iy i (sl pale s glias 5

L bl ol Ol s 3l KD LOYAY) e ) s > 5 games e Ly conlj o2
SAV Sl gl il d(acioll S g 650 anlllas) 1 5e 5 siuarb iy 5l eslinl
-https://civilica.com/doc/37046 Ol ¢ « sLdlar slapl GOl islen e sler

Sl eis 3w KD . (1TaY) R T S WIS PR I T I I
Ol g 15550 aalllas) slojlsala pslas g, Se 5 Silsp b Lol Jids /s 008
VLYY Lo bl AV s (el g Lol g (5,

23 i S silwdda (\TAY) Sl scalo Lo, e s Sl Ola] 5 samee (S daes

(SR L’JUG.A) w‘filw.lm‘}:lx%‘ﬁj)[s}y Lﬁud}l.w )\ o)w‘bd)ﬁ‘ﬂ dﬁ\)‘


https://www.sid.ir/fa/journal/SearchPaper.aspx?writer=271711
https://www.sid.ir/fa/journal/SearchPaper.aspx?writer=221297
https://www.sid.ir/fa/journal/SearchPaper.aspx?writer=117838

References

Arkhi, S. & Adibnejad, M. (2018). “Performance evaluation of support vector machine
algorithms for land use classification using ETM Landsat satellite data (case study: llam
Dam Basin)”, Pasture and Desert Research, VVol. 18, No. 3, pp. 420-440. (in Persian)

Ahad-Nejad Roshti, M. & Zulfiali, H. (1390). “Physical assessment and prediction of cities
using multi-temporal satellite images and geographic information system (case study:
Ardabil city 1363-1400)”, Amash Mohit Quarterly, VVol. 18, No. 15, pp. 107-124. (in
Persian)

Alimohammadi, A., Matkan, A., & Mirbagheri, B. (2010). “The Evaluation of CELLULAR
AUTOMATA model efficiency in simulation of urban areas development (Case study:
suburbs of south west of Tehran)”, J. Spat. Plan, (Modares Human Sciences), 14(2), pp.
81-102. (in Persian)

Aslah, M., Al-Madrasi, S. A., & Mofidifar, M. (2015). “Investigating the effectiveness of
the Markov chain model in estimating land use and land cover changes using Landsat
satellite images”, The First National Conference On The Application Of Advanced
Spatial Analysis Models (remote sensing and GIS in land use, Tehran). (in Persian)

Ebrahimi, P., Islah, M., & Salimi-Kochi, J. (2015). “Investigating the effectiveness of the
Markov chain model in estimating land use and land cover changes using Landsat
satellite images”, Iranian Journal of Watershed Science and Engineering, Vol. 10, No.
34, pp. 85-92. (in Persian)

Faizizadeh, B. & Haji-Mirrahimi, S. M. (2007). “Revealing land use changes using the
object-oriented classification method (case study: Shahrek Andisheh)”, 87th Geomatics
Conference and the 4th Conference on Unification of Geographical Names, Tehran,
https://civilica.com/doc/37046. (in Persian)

Guan, D., Li, H., Inohae, T., Su, W., Nagaie, T., & Hokao, K. (2011). “Modeling urban
land use change by the integration of cellular automaton and Markov model”,
Ecological Modelling, 22(2), pp. 3761-3772.

Mohammadi, M., Malikipour, E., & Sahibgharani, A.R. (2012). “Modeling the expansion
of the city in the surrounding lands using automatic cells and hierarchical analysis
process (Case study: Isfahan Region 7)”, Urban and Regional Studies and Researches,
Vol. 5, No. 18, pp. 175-192. (in Persian)

Rimal, B., Zhang, L., Keshtkar, H., Haack, B.N., Rijal, S., & Zhang, P. (2018). “Land
Use/Land Cover Dynamics and Modeling of Urban Land Expansion by the Integration
of Cellular Automata and Markov Chain”, ISPRS Int. J. Geo-Inf, 7(4), pp. 141-154.

Sharifi, L., Rasouli, A.A., Hijazi, M.A., & Rostamzadeh, H. (2012). “Revealing land
use/cover changes with object-oriented processing of satellite images (case study:
Tabriz city)”, Scientific Journal of Geography and Planning, period, 17, No. 44, pp.
203-214. (in Persian)

Traore, A., Mawenda, J., & Komba, A. (2018). “Land-Cover Change Analysis and
Simulation in Conakry (Guinea), Using Hybrid Cellular-Automata and Markov Model”,
Urban Sci., Vol. 2, Issue 2, automaton and Markov model, Ecological Modelling, No.


https://civilica.com/doc/37046.%20(in

Y\E Qi Jo o b duog,l Bl yd Badils CBEL Ol puti Wiy, g5l de g owyp

222, pp. 3761-3772.

Yuan, D., Elvidge, C.D., & Lunetta, R.S. (1998). “Survey of Multispectral Methods for
Land Cover Change Analysis”, in: Lunetta, R.S. & Elvidge, C.D. (Eds.), Remote
Sensing Change Detection: Environmental Monitoring, Methods and Application,
Taylor and Francis Ltd., pp. 21-39.

Xue, J. & Su, B. (2017). “Significant remote sensing vegetation indices: A review of
developments and applications”, Journal of Sensors, pp. 1-18.

Zou, Q. & Liang, SH. (2015). “Effects of dams on river flow regime based on IHA/RVA”,
Proceeding of Remote Sensing and GIS for Hydrology and Water Resources IAHS
Publications Guangzhou, (368), pp. 275-280.

ZaberDast, L., Jafari, H.R., Badian, Z., & Ashegh-Muala, M. (2009). “Evaluation of
changes in the land cover of Arsbaran Protected Area during the period of 2008, 2006,
2002 AD using satellite images”, Environmental Research, Vol. 1, No. 1, pp. 23-33.



